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ABSTRACT 

 

Alzheimer’s Disease (AD) is a major neurodegenerative disorder affecting areas of brain related to learning and memory. AD may be 

presenile/senile onset of and occurrence of disease before or after the age of 60 years as well as median age of population. Based on the 

reported anti-AD activity profile of aryl sulphonamide analogs, the series of compounds (13a-f) were designed. The effect of synthesized 

substituted sulphonamide derivatives (13a-f) on Alzheimer’s dementia models was evaluated using behavioral (MWM test) and pathological 

studies. This series of compounds displayed good to moderate anti-AD activity and need further structure optimization. 
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INTRODUCTION 

 

The neurodegenerative diseases are characterized by the persistent loss of neuronal activity. Some of the considerable neurodegenerative 

diseases are Alzheimer’s Disease (AD) and Parkinson’s Disease (PD), Huntington’s Disease (HD) and Amyotrophic Lateral Sclerosis (ALS). 

AD is an age-dependent disorder causing progressive loss of cognitive function. The socio-economical progression and medical burden of AD 

affects 24.3 million people worldwide [1]. 
 
Some of the well-studied neuropathological hallmarks of AD include senile plaque containing β-amyloid (Aβ) peptide and neurofibrillary 

tangles of hyper phosphorylated tau protein aggregates [2]. In AD, several genes act independently or in coordination with each other and/or 

with environmental agents making it a complex disease. The various contributing factors for AD cause amyloid deposition, formation of 

neurofibrillary tangle, and cell death. Mutations on the genes coding for the amyloid precursor protein (APP) and Presenilin 1 (PS1) alters 

production of the principle component of senile plaque (Amyloid-β, Aβ) [3-5]. APP mutation has shown effect on β-secretase cleavage site of 

the Aβ domain and thus increases formation of Aβ1-40 and Aβ1-42 in brain [6-8]. This amyloid hypothesis confirms cytotoxic properties of mature 

APP which disturbs cellular Ca2+ ion homeostasis leading to apoptosis [9]. The resulting excessive influx of Ca2+ leads to induction of neurotoxic 

cascade [10]. 
 
The brain hippocampus region is involved in formation, organization and storage of memories. Hippocampus in coordination with thalamus 

(Dorsal medial nuclei) and hypothalamus (Mammillary nuclei) constitute the network of limbic system for long-term storage of memories. 

During this process, the memories forms and get stored as cognitive maps [11-13]. In case of Central nervous system (CNS) disorders such as 

AD, Epilepsy, Schizophrenia and CNS depressions, hippocampi neurons get affected causing cognitive impairment. In AD, the 

neuroinflammation is accompanied during the duration of disease. In addition to this oxidative stress/reactive oxygen species leads to neuronal 

loss [14]. 
 
Over the past two decades, the focus has been targeted towards understanding the causes of AD for the development of safe and effective 

pharmacological treatments. The APP secretase are attractive targets to reduce Aβ production either by stimulating α-secretase or suppressing β- 

and γ-secretase cleavage [15,16]. Among the various designed specific/non-specific β-/γ-secretase inhibitors, some act by preventing the 

processing of additional substrates [17-19]. 
 
The current AD treatment approaches provide temporary and symptomatic relief and the disease-modifying treatments have resulted in 

disappointment [8,20-22]. The reported AD targets and mechanisms include cholinomimetics, amyloid cascade, metal and oxidative stress 
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mechanism. Some examples include Non-steroidal Anti-inflammatory Drugs (NSAIDs), phenserine, statins, tarenflurbil, tramiprosate, Ginkgo 

biloba and xaliproden [23], AN1792, lecozotan SR, SGS742, and Cholinesterase Inhibitors (ChEIs) (Donepezil, galantamine, rivastigmine) [24-

26]. The majority of the reported γ-secretase inhibitors belong to peptide isosteres, azepines, and sulphonamides class [27-40]. The 

sulphonamide based γ-secretase inhibitors are summarized in Figure 1 [41-48].  

 

 
 

Figure 1: Reported substituted sulphonamide anti-AD agents 

 

 
 

Figure 2: Proposed sulphonamide analog 
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Various compounds from this particular chemical category have been evaluated in Alzheimer’s dementia models are N-acylsulfonamides [49-

55], N-benzylisatin sulfonamide analogues [56], and N-aryl sulfonamide substituted 3-morpholino arecoline derivatives [57]. In view of the 

sulphonamide selectivity for γ-secretase enzyme and thus reducing Aβ aggregation, present study proposed a series of N-substituted aryl 

sulphonamides (Figure 2). 
 
In recent drug discovery process, the major challenge is to design a rapid and efficient synthesis methodology. The novel approach involved for 

prevention and treatment of neurodegeneration involves neuroprotective agents to inhibit/delay neurodegeneration as well as to strengthen 

cellular defense. The aim of the current research work is to evaluate the effect of synthesized anti-AD compounds on behavioral effects and 

neuronal histology showing the structural changes of the hippocampus neurons under the conditions of dementia. 

 

MATERIALS AND METHOD 

 

The synthetic scheme employed for preparing substituted sulphonamide compounds is as depicted in Figure 3. It includes two steps i.e., 

synthesis of sulphonamides and followed by their arylation [58-60]. All the starting materials and reagents were obtained from commercial 

sources (CDH, E Merck AG) and were used without further purification. The purity of synthesized compounds was checked using Thin Layer 

Chromatography (TLC) with different solvent systems (methanol, n-hexane and ethyl acetate) giving single spot. The IR spectra were recorded 

in KBr pellet method (Perkin Elmer 79225). Nuclear magnetic resonance spectra were recorded in Deuterated Chloroform (CDCl3) and 

Dimethyl Sulfoxide (DMSO) on Bruker spectrometer operating at 300 MHz. Chemical shifts are given in δ ppm. 
 
General Procedure for synthesis 
 
A mixture of primary aromatic amine (11a-c) and substituted sulfonyl chloride in equimolar amount were dissolved in anhydrous pyridine (10 

ml). The temperature of reaction mixture was maintained at 0°C using ice salt bath. By maintaining the temperature at 0°C, reaction mixture was 

stirred for 5-10 h to get compounds 12a-f. The sulfonamides (12a-f) individual solution (0.2 mol) in THF (10 ml) and sodium hydride (0.1 g) 

was stirred at room temperature for 15 min. The benzyl chloride (0.2 mol) was mixed with THF (5 ml) and 2 ml of HCl (1 N). Both the solutions 

were mixed and stirred for approximately 6 h. The progress of reactions was monitored using TLC. The resulting products were filtered, washed 

with distilled water and dried to yield the corresponding N-benzyl sulfonamide derivatives (13a-f) (Figure 3). The Melting Point (MP) (°C) and 

percentage yield were calculated. 

 

 
 

Figure 3: Synthetic scheme for compounds 12a-f and 13a-f 

 

Physicochemical and spectral details 
 
N-benzyl-N-[3,5-bis(trifluoromethyl)phenyl] benzenesulfonamide (13a): C21H15F6NO2S; M.W. 459; Yield-65%; 167-169; C, 54.90/54.87, H, 

3.29/3.32, F, 24.81/24.83, N, 3.05/3.09, O, 6.97/6.93, S, 6.98/6.95; IR (KBr, cm-1) 1199 (SO2-N), 744 (S-N); 1H-NMR (300 MHz, CDCl3, δ 

ppm)=4.52 (s, 2H, -N-CH2-), 7.13-7.21 (m, 8H, Ar-H), 7.36 (s, 1H, Ar-H), 7.61-7.72 (dd, 4H, Ar-H). 
 
N-benzyl-N-[3,5-bis(trifluoromethyl)phenyl]-2,3,4-trichlorobenzenesulfonamide(13b): C21H12Cl3F6NO2S, M.W. 562, Yield-72%, 68-73, C, 

44.82/44.79, H, 2.15/2.13, Cl, 18.90/18.88, F, 20.26/20.28, N, 2.49/2.53, O, 5.69/5.71, S, 5.70/5.67; IR (KBr, cm-1) 1309 (-SO2), 1198 (SO2-N), 

990 (C-F), 714 (S-N); 1H-NMR (300 MHz, CDCl3, δ ppm) 4.58 (s, 2H, -N-CH2-), 7.15-7.18 (br. m, 5H, Ar-H), 7.25-7.27 (m, 3H, Ar-H), 7.39-

7.42 (dd, 2H, Ar-H). 
 
N-benzyl-N-(naphthalen-1-yl)benzenesulfonamide (13c): C23H19NO2S, M.W. 373, Yield-64%, 105-109, C, 73.97/73.99, H, 5.13/5.12, N, 

3.75/3.70, O, 8.57/8.58, S, 8.59/8.54; IR (KBr, cm-1) 3011 (C-H, Ar), 1554 (C=C, Ar), 1311 (-SO2), 1199 (SO2-N), 744 (S-N); 1H-NMR (300 

MHz, CDCl3, δ ppm) 4.48 (s, 2H, -N-CH2-Ar), 7.12-7.19(br. m, 10H, Ar-H), 7.28-7.43 (m, 7H, Ar-H), 7.87-7.91 (dd, 2H, Ar-H). 
 
N-benzyl-2,4,5-trichloro-N-(naphthalen-1-yl)benzenesulfonamide (13d): C23H16Cl3NO2S, M.W. 476, Yield-71%, 71-74, C, 57.94/57.92, H, 

3.38/3.36, Cl, 22.31/22.35, N, 2.94/2.99, O, 6.71/6.73, S, 6.73/6.74; IR (KBr, cm-1) 3032 (C-H, Ar), 1534 (C=C, Ar), 1326 (-SO2), 1174 (SO2-

N), 764 (S-N); 1H-NMR (300 MHz, CDCl3, δ ppm) 4.51 (s, 2H, -N-CH2-Ar), 7.13-7.20 (m, 6H, Ar-H), 7.26-7.29 (m, 2H, Ar-H), 7.48-7.51 (m, 

4H, Ar-H), 7.53 (s, 1H, Ar-H), 7.60 (s, 1H, Ar-H). 
 
N-benzyl-N-[2-(3-chlorophenyl)ethyl] benzenesulfonamide (13e): C21H20ClNO2S, M.W. 385, Yield-68%, 86-90, C, 65.36/65.34, H, 

5.22/5.19, Cl, 9.19/9.21, N, 3.63/3.70, O, 8.29/8.26, S, 8.31/8.33; IR (KBr, cm-1) 3027 (C-H, Ar), 1547 (C=C, Ar), 1319 (-SO2), 1155 (-SO2-N), 

744 (S-N); 1H-NMR (300 MHz, CDCl3, δ ppm) 2.36-2.38 (d, 2H, -CH2-Ar), 3.47-3.50 (d, 2H, N-CH2-C), 4.42 (s, 2H, Ar-CH2-N-), 7.18-7.22 

(m, 10H, Ar-H), 7.32-7.35, 7.59-7.63 (dd, 4H, Ar-H). 
 
N-benzyl-2,4,5-trichloro-N-[2-(3-chlorophenyl)ethyl]benzenesulfonamide (13f): C21H17Cl4NO2S, M.W. 489, Yield-76%, 92-94, C 

51.55/51.53, H 3.50/3.48, Cl 28.99/28.96, N 2.86/2.92, O 6.54/6.52, S 6.55/6.51; IR (KBr, cm-1) 3063 (C-H, Ar), 1555 (C=C, Ar), 1328 (-SO2), 

1194 (SO2-N), 959 (S-N); 1H-NMR (300 MHz, CDCl3, δ ppm) 2.31-2.33 (d, 2H, N-C-CH2-Ar), 3.46-3.48 (d, 2H, N-CH2-C-Ar), 4.46 (s, 2H, N-

CH2-Ar), 7.11-7.16 (m, 9H, Ar-H), 7.47 (s, 1H, Ar-H), 7.76 (s, 1H, Ar-H). 
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Biological evaluation 
 
All the synthesized substituted aryl sulphonamide compounds were evaluated for acute toxicity, behavioral assessment and histopathological 

study. Permission has been granted by Institutional Animal Ethics Committee (819/04/ac/CPCSEA).  
 
Animals and chemicals 
 
Swiss Albino mice (Male and female) weighing 20-25 g were used and throughout the experimental protocol they were kept and maintained 

under laboratory conditions of temperature and humidity. They were allowed free access to food (Standard pellet diet) and drinking tap water ad 

libitum with a 12 h light/dark cycle. All the animals were fasted for 16 h, but still allowed free access to tap water before commencement of 

experiments. The animals were divided into groups (n=6) such as Group I (Control group: Saline, 1 ml/kg, p.o.), Group II (Negative control 

group: Scopolamine, 1 mg/kg, i.p.), Group III (Standard group: Piracetam, 200 mg/kg, i.p.), Group IV-IX (Test drug treated groups: Synthesized 

aryl sulphonamides (13a-f, 500 µM/Kg i.p.). After 45 min, Scopolamine (1 mg/kg, i.p.) was administered to all group animals. 
 
Acute toxicity studies 
 
Twenty male/female, healthy mice were randomly divided into four groups (n=5) and the synthesized compounds were administered orally (50, 

150, 250, and 500 mg/kg). During the study period, feed and water were given ad libitum to all the experimental animals. The animals were kept 

under observation for 1 week and signs of toxicity and mortality were recorded [61]. 
 
Evaluation of behavioral assessment  
 
All the animals were trained as per the Morris Water Maze (MWM) test protocol to evaluate the effect of synthesized compounds on behaviour 

and spatial memory of experimental animals [62]. MWM test consisted of a black circular pool (90 cm diameter, 45 cm height) filled up to a 

depth of 30 cm with water (opaque, 25°C) and divided into four equal quadrants using two threads fixed at right angles to each other on the rim 

of the pool. A submerged/escape platform (6 cm diameter, 29 cm height) was placed inside the tank at the centre of the pool 1 cm below the 

water level and its position was unaltered throughout the training session. For all the selected animals, two consecutive trials at 30 min time 

interval per day with different starting point were performed. Trial was performed for four consecutive days. During the four day trial session 

animals were allowed to escape on the hidden platform and to remain there for 10 sec. During the training session the mice were gently placed in 

the water from different locations facing the wall of the pool and were allowed 60 sec to locate the submerged platform. If the mice fail to locate 

the platform within 60 sec, it was guided gently on to the platform and allowed to remain there for 10 sec. On fifth day i.e., Retrieval day of 

training session, the platform was removed and the mice were placed in the pool from any of the point and allowed to explore the target quadrant 

for 60 sec. The mean time spent in the centre of the pool in search of the missing platform which is an index of retrieval of memory, was 

recorded. After 30 min of administration of Scopolamine, MWM test was performed. The data thus obtained was analyzed by ANOVA and 

Student t-test. The details are reported in Table 1. 

 
Table 1: Effect of test drugs on acquisition in scopolamine induced anterograde amnesia 

 

Groups 
Escape Latency Time (ELT) (in sec) TSTQ (in sec) 

Day 1 Day 2 Day 3 Day 4 Day 5 

I 54.5 ± 0.66 35.75 ± 0.64 24.17 ± 0.32 20.08 ± 0.570 30.17 ± 0.82 

II 58.25 ± 0.420 51.42 ± 0.57 49.41 ± 0.431 41.33 ± 0.780 16.25 ± 0.694 

III 57.08 ± 0.78 49.33 ± 0.526 33.58 ± 0.477 18.16 ± 0.429 26.08 ± 0.334 

13a 56.08 ± 0.823 49.58 ± 0.398 32.08 ± 0.719 15.92 ± 0.477 28.35 ± 0.348 

13b 57.17 ± 0.693 46.58 ± 0.361 30.08 ± 0.617* 16.67 ± 0.652 25.66± 0.641*** 

13c 55.58 ± 0.605 41.5 ± 0.849 31.58 ± 0.479* 14.83 ± 0.419* 26.33 ± 0.366** 

13d 56.1 ± 0.415 40.41 ± 0.820 30.56 ± 0.570* 18.66 ± 0.402*** 21.08 ± 0.570* 

13e 58.33 ± 0.54 50.58 ± 0.519 56.91 ± 0.720 19.41 ± 0.298*** 31.00 ± 0.874 

13f 56.33 ± 0.683 49.58 ± 0.463 33.58 ± 0.354** 17.83 ± 0.684* 29.17 ± 1.239** 

Values are expressed as Mean ± SEM; *p < 0.05, **p < 0.01, ***p < 0.001; Negative control group was compared with the vehicle control group, Standard and test 

groups were compared with the negative control group; Group I: Vehicle treated control group, Group II: Scopolamine treated negative control group; Group III: 
Standard drug (Piracetam) treated group, Group 13a to 13f: Test drug treated group 

 

Histopathology studies 
 
To perform histopathological studies, the brain samples of experimental animals were collected following the behavioral study as per following 

procedure [63-65]. 
 
Mice were anesthetized (Pentobarbital, 100 mg/kg, i.p.), perfused transcardially using isotonic saline (25 ml) and rapidly removed brains. One 

hemisphere of brain was immersed for 24 h in phosphate-buffered 4% paraformaldehyde following to cryoprotection in a series of sucrose 

solutions. Using a sliding microtome, 25-µm frozen sections were collected in a horizontal plane and stored at 4°C in Dulbecco’s PBS. Analysis 

was performed for total Aβ and Aβ1-40 using the Congo red histopathological staining performed on slide-mounted sections rehydrated for 

approximately 30 sec before staining. Initially hydrated sections were incubated for 20 min in alkaline alcoholic saturated NaCl solution (Freshly 

prepared, 2.5 mM NaOH in 80% reagent alcohol). It was incubated for 30 min in 0.2% Congo red in alkaline alcoholic saturated NaCl solution. 

After rinsing in three changes of 100% ethanol, sections were cleared through three changes of xylene, then cover slipped with Permount for 

image analysis (Figures 4 and 5).  
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Figure 4: (A) Control group, indicating no beta amyloid plaques in the brain, (B) Brain in the animals 20 days after intracerebroventricular injection of 

beta amyloid indicating an obvious different between the beta amyloid and vehicle treated mice brain (Negative control group), (C) Brain in the mice 

treated with donepezil after i.c.v. injection of beta amyloid indicating clearance of beta amyloid plaques (Positive control group). 

 

 
 

Figure 5: (A) Brain of alzheimeric mice after 20 days treatment with compound 13c (47.5 mg/kg). The beta amyloid plaques are fairly observable so that 

the difference between this micrographs and that of the alzheimeric brain, (B) Alzheimeric mice after 20 days treatment with compound 13e (47 mg/kg). 

A clearance of beta amyloid plaques is evident when compared with the micrograph taken from the alzheimeric brain, (C) Brain of the alzheimeric mice 

after 20 days treatment with compound 13f (47.5 mg/kg). 

 

RESULTS AND DISCUSSION 

 

The present work was started with an aim to develop effective and efficient green synthetic approach to synthesize sulphonamides and its N-

benzyl substituted derivatives. All the synthesized compounds were evaluated for potential anti-AD activity. A small set of six substituted 

sulphonamide compounds (13a-f) was synthesized using a two-step approach (Figure 3). Reactants completely converted into products by 

stirring at 0°C. Precipitates were separated and washed with distilled water and recrystallized using suitable solvent. Most of the compounds 

were obtained in good yield and thus prove efficiency of the method selected for synthesis. 
 
The IR spectrum has shown absorption bands at 1300 cm-1 (-SO2), 1148 cm-1 (-SO2-N), 697 cm-1 (S-N) and absence of absorptions bands at 

3300 cm-1 (N-H) for compounds 13a-f. The absorption bands at 3054 cm-1 and 1555 cm-1 were assigned to C-H and C=C stretching of aromatic 

rings, respectively. In the 1H-NMR spectrum signals appeared in the aromatic region at δ=7.50-8.30 and in the aliphatic region signals appeared 

at δ=2.40-4.00 (for -CH2-protons). 
 
The acute toxicity studies (LD50=47.5 mg/kg, i.p.) and ability of compounds to protect against dementia induced by Scopolamine was evaluated. 

MWM test is one of the most reported model for behavioral assessment. The escape latency i.e., the time required to find the hidden platform 

helps to access the spatial learning is recorded. The results for training acquisition are shown in Table 1. The repeated-measures ANOVA helped 

to establish a significant day effect on escape latency (p <0.001) within the groups which shows that different groups have different spatial 

learning capability during the 4-day acquisition training. The treatment effect was found to be significant on the escape latency (p <0.001), and 

further comparisons suggests compounds-at the selected dose are effective in rescuing spatial learning deficits in mice (p <0.05).  
 
The memory retention was accessed by conducting the probe trials in the last training session and the drug treated mice spent less time searching 

for the platform and showed less number of crossings in the target quadrant (with platform) compared to the control group mice (p <0.001, p 

<0.05). Scopolamine treated mice spent more time searching in the target quadrant relative to the control group (p <0.01). The number of 

crossing where the platform located is found to be more than those of the untreated mice, but the values did not reach significance. The results 

demonstrate improved spatial memory capability by the test compounds.  
 
Here, the test compounds, improved spatial learning effectively across the 5-day acquisition training period. During the memory probe trial, the 

scopolamine treated mice performed much better after receiving the test drugs in searching the target quadrant and the site where the platform 

was located as compared to the control group. Additionally the swimming ability was analysed to verify the possibility of improved spatial 

learning and memory by test compounds was not due to sensorimotor abnormality. Figure shows no significant difference in the results in 

swimming speed among the groups during the four training days. The test groups did not show any significant effect on learning and memory 

capabilities, indicating that long-term test compound administration had no effect on performance in normal mice, but can overcome learning 

deficits and relieve memory retention in the scopolamine-treated mice. 
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The reported anti-AD/γ-secretase properties of sulphonamides have shown its biochemical importance during histopathological observations 

[49-57]. After 20 days of drug treatment, the animals were killed and their brains were removed. During histological studies, the Aβ treated 

animals were assessed for Aβ plaque formation. Brain samples for standard fixation were immersed in the appropriate fixative (formalin) for 48-

72 h prior to processing. Brain sections were stained by Congo red method. The observed effect on Aβ plaque formation in control, negative 

control, positive control (Donepezil) and test groups are presented in Figures 4 and 5. Figures 5A-C shows clearance of Aβ plaque. For 

compound 13c, the Aβ plaques were fairly observable and compound 13e has shown clearance of plaque when compared to the plaque formation 

in Alzheimer’s brain. Similar effect on plaque clearance was observed for compound 13f. 
 
The structure-activity relationship studies conclude that among the N-benzyl substituted sulphonamides (13a-f), the effect produced by N-(3-

chlorophenyl)ethyl (13e) and N-naphthalene (13c) derivatives is more pronounced. The chloro-substituted analogue, 13f has shown most potent 

activity with 81% inhibition during MWM test.  

 

CONCLUSION 

 

The results obtained for designed series of aryl sulphonamides were in good agreement with the conclusions derived after quantitative structure-

activity relationship investigations [66]. The substituted sulphonamide derivatives (3a-f) were successfully synthesized in good yields and 

biological studies identified compound 3f i.e., N-benzyl-2,4,5-trichloro-N-[2-(3-chlorophenyl)ethyl]benzenesulfonamide as the most potent 

analog. 

 

ACKNOWLEDGEMENT 

 

Authors greatly acknowledge the research facilities provided at Lala Lajpat Rai Memorial Medical College, Meerut, UP, India to carry out the 

reported work. 

 

REFERENCES 

 

[1] C.P. Ferri, M. Prince, C. Brayne, H. Brodaty, L. Fratiglioni, M. Ganguli, K. Hall, K. Hasegawa, H. Hendrie, Y. Huang, A. Jorm, C. Mathers, 

P.R. Menezes, E. Rimmer, M. Scazufca, Lancet., 2005, 366 (9503), 2112. 

[2] D.J. Selkoe, Physiol. Rev., 2001, 81, 741. 

[3] J. Hardy, Trends Neurosci., 1997, 20, 154.  

[4] J.G. Malherbe, J.G. Richards, J.R. Martin, H. Bluethmann, J. Maggio, G. Huber, Neurobiol. Aging., 1996, 17, 205. 

[5] B.L. Price, S.S. Sisodia, Annu. Rev. Neurosci. 1998, 21, 479. 

[6] X.D. Cai, T.E. Golde, S.G. Younkin, Science., 1993, 259, 514. 

[7] M. Citron, C. Oltersdorf, C. Haass, L. McConlogue, A.Y. Hung, P. Seubert, C. Vigo-Pelfrey, I. Lieberburg, D.J. Selkoe, Nature., 1992, 360, 

672..  

[8] N. Masand, S.P. Gupta, R.L. Khosa, V.M. Patil, Curr. Nervous Syst. Agents Medi. Chem., 2016, 15. 

[9] H.P. Rang, M. Dale M. Science., 1990, 250, 279. 

[10] R.J. Mark, J.W. Geddes, K. Uchida, M.P. Mattson, J. Neurosci., 1997, 17, 1046.  

[11] L. Nadel, Frontiers Neurosci., 1996, 2(74), 305. 

[12] T. Otto, N.J. Cohen, H. Eichenbaum, Behav. Neural Biol., 1992, 57, 2. 

[13] H. Eichenbaum, T. Otto, N.J. Cohen, Behav. Brain. Sci., 1969, 23, 32-36. 

[14] P. Tigari, K. Dupadahalli, Ind. J. Pharmacol., 2011, 43(6), 676.  

[15] I. Hussain, D. Powell, D.R. Howlett, D.G. Tew, T.D. Meek, C. Chapman, I.S. Gloger, K.E. Murphy, C.D. Southan, D.M. Ryan, T.S. Smith, 

D.L. Simmons, F.S. Walsh, C. Dingwall, G. Christie, Mol. Cell. Neurosci., 1999, 14(6), 419. 

[16] R. Yan, M.J. Bienkowski, M.E. Shuck, H. Miao, M.C. Tory, A.M. Pauley, J.R. Brashier, N.C. Stratman, W.R. Mathews, A.E. Buhl, D.B. 

Carter, A.G. Tomasselli, L.A. Parodi, R.L. Heinrikson, M.E. Gurney, Nature., 1999, 402(6761), 533-537. 

[17] F.M. Laird, H. Cai, A.V. Savonenko, M.H. Farah, K. He, T. Melnikova, H. Wen, H.C. Chiang, G. Xu, V.E. Koliatsos, D.R. Borchelt, D.L. 

Price, H.K. Lee, P.C. Wong, J. Neurosci., 2005, 25(50), 11693. 

[18] G. Evin, M.F. Sernee, C.L. Masters, CNS Drugs., 2006, 20(5), 351. 

[19] J.A. Tschape, T. Hartmann, Recent Pat. CNS Drug Discov., 2006, 1(1), 119. 

[20] R. Sherrington, E.I. Rogaev, Y. Liang, E.A. Rogaeva, G. Levesque, M. Ikeda, H. Chi, C. Lin, G. Li, K. Holman, T. Tsuda, L. Mar, J.F. 

Foncin, A.C. Bruni, M.P. Montesi, S. Sorbi, I. Rainero, L. Pinessi, L. Nee, I. Chumakov, D. Pollen, A. Brookes, P. Sanseau, R.J. Polinsky, W. 

Wasco, H.A Da Silva, J.L. Haines, MA Perkicak-Vance, R.E. Tanzi, A.D. Roses, P.E. Fraser, J.M. Rommens, P.H. St George-Hyslop, Nature., 

1995, 375(6534), 754. 

[21] E.I. Rogaev, R. Sherrington, E.A. Rogaeva, G. Levesque, M. Ikeda, Y. Liang, H. Chi, C. Lin, K. Holman, T. Tsuda, L. Mar, S. Sorbi, B. 

Nacmias, S. Piacentini, L. Amaducci, I. Chumakov, D. Cohen, L. Lannfelt, P.E. Fraser, J.M. Rommens, P.H. St George-Hyslop, Nature., 1995, 

376(6543), 775. 

[22] R. Bullock, A. Dengiz, Int. J. Clin. Pract., 2005, 59(7), 817. 

[23] L.J. Thal, S.H. Ferris, L. Kirby, G.A. Block, C.R. Lines, E. Yuen, C. Assaid, M.L. Nessly, B.A. Norman, C.C. Baranak, S.A. Reines, 

Neuropsychopharmacology., 2005, 30(6), 1204. 

[24] N. Bassil, P. Thaipisuttikul, G.T. Grossberg, Expert Opin. Pharmacother., 2010, 11(10), 1765.  

[25] K. McKeage, CNS Drugs., 2009, 23(10), 881. 

[26] S.J. Thomas, G.T. Grossberg, Clin. Interv. Aging., 2009, 4, 367. 

[27] G. Tong, J.S. Wang, O. Sverdlov, Clin. Therapeutics., 2012, 34, 654. 

[28] D.B. Henley, P.C. May, R.A. Dean, Expert Opin. Pharmacother., 2009, 10, 1657. 

[29] A.F. Kreft, Alzheimers Demen., 2008, 4 (Suppl. 2), T471 (Abstract P2-337). 

[30] S. Jacobsen, Alzheimers Demen., 2008, 4 (Suppl. 2), T461 (Abstract P2-302). 

[31] H. Wan, Alzheimers Demen., 2008, 4 (Suppl. 2), T548 (Abstract P2-101). 

[32] R.J. Bateman, L.Y. Munsell, J.C. Morris. Nat. Med. 2006, 12, 856. 

[33] K.M. Wood, Alzheimers Demen., 2008, 4 (Suppl. 2), T482 (Abstract P2-375). 

[34] E.R. Siemers, Eur. J. Neurol., 2008, 15 (Suppl. 3), 224 (Abstract P2012). 



 Der Pharma Chemica, 2018, 10(2): 107-113 Neeraj Masand et al.  
 

113  

[35] J.D. Best, J. Pharmacol. Exp. Ther., 2007, 320, 552. 

[36] D. Abramowski, K.H. Wiederhold, U. Furrer, J. Pharmacol. Exp. Ther., 2008, 327, 411. 

[37] P.K. Dash, A.N. Moore, S.A. Orsi, Biochem. Biophys. Res. Commun., 2005, 338, 777. 

[38] L. Desire, L. Buee, N. Lambeng. Alzheimers Dement., 2008, 4, T168. 

[39] M. Willem, A.N. Garratt, B. Novak, Science., 2006, 314, 664. 

[40] F. Panza, V. Solfrizzi, V. Frisardi. Drugs Aging., 2009, 26, 537-555. 

[41] S.J. Lin, Y.J. Shiao, C.W. Chi, L.M. Yang LM. Bioorg. Med. Chem. Lett., 2004, 14(5), 1173. 

[42] J.J. Anderson, G. Holtz, P.P. Baskin, M. Turner, B. Rowe, B. Wang, M.Z. Kounnas, B.T. Lamb, D. Barten, K. Felsenstein, I. McDonald, K. 

Srinivasan, B. Munoz, S.L. Wagner, Biochem. Pharmacol., 2005, 69, 689. 

[43] G.M. Rishton, D.M. Retz, P.A. Tempest, J. Novotny, S. Kahn, J.J. Treanor, J.D. Lile, M. Citron, J. Med. Chem., 2000, 43, 2297. 

[44] S.J. Lewis, A.L. Smith, J.G. Neduvelil, G.I. Stevenson, M.J. Lindon, A.B. Jones, M.S. Shearman, D. Beher, E. Clarke, J.D. Best, J.E. 

Peachey, T. Harrison, J.L. Castro, Bioorg. Med. Chem. Lett., 2005, 15, 373. 

[45] R.E. Olson, C.F. Albright, Curr. Topics Med. Chem., 2008, 17, 17. 

[46] K.W. Gillman, J.E. Starrett Jr, M.F. Parker, K. Xie, J.J. Bronson, L.R. Marcin, ACS Med. Chem. Lett., 2010, 1(3), 120. 

[47] M.F. Parker, D.M. Barten, C.P. Bergstrom, J.J. Bronson, J.A. Corsa, M.F. Dee, Y. Gai, V.L. Guss, M.A. Higgins, D.J. Keavy, A. Loo, R.A. 

Mate, L.R. Marcin, K.E. McElhone, C.T. Polson, S.B. Roberts, J.E. Macor, Bioorg. Med. Chem. Lett., 2012, 22, 6828. 

[48] X.M. Ye, A.W. Konradi, M. Sun, S. Yuan, D.L. Aubele, Bioorg. Med. Chem. Lett., 2013, 23(4), 996. 

[49] J.H. Musser, A.F. Kreft, R.H.W. Bender, D.M. Kubrak, D. Grimes, R.P. Carlson, J.M. Hand, J. Chang, J. Med. Chem., 1990, 33, 240. 

[50] L.L. Chang, W.T. Ashton, K.L. Flanagan, T.B. Chen, S.S. O’Malley, G.J. Zingaro, P.K.S. Siegl, S.D. Kivlighn, V.J. Lotti, R.S.L. Chang, 

W.J. Greenlee, J. Med. Chem., 1994, 37, 4464.  

[51] T. Hasegawa, H. Yamamoto, Bull. Chem. Soc. Jpn., 2000, 73, 423. 

[52] M.G. Banwell, C.F. Crasto, C.J. Easton, A.K. Forrest, T. Karoli, D.R. March, L. Mensah, M.R. Nairn, P.J. O’Hanlon, M.D. Oldham, W. 

Yue, Bioorg. Med. Chem. Lett., 2000, 10, 2263. 

[53] Y. Wang, D.L. Soper, M.J. Dirr, M.A. deLong, B. De, J.A. Wos, Chem. Pharm. Bull., 2000, 48, 1332.  

[54] M.A. Abbasi, A. Saeed, Aziz-ur-Rehman, K.M. Khan, M. Ashraf, S.A. Ejaz, Iran. J. Pharm. Res., 2014, 13(1), 87. 

[55] S. Bag, R. Tulsan, A. Sood, H. Cho, H. Redjeb, W. Zhou, H. LeVine 3rd2, B. Török, M. Török, Bioorg. Med. Chem. Lett., 2015, 25(3), 626. 

[56] W. Chu, J. Zhang, C. Zeng, J. Rothfuss, Z. Tu, Y. Chu, D.E. Reichert, M.J. Welch, R.H. Mach, J. Med. Chem., 2005, 48(24), 7637. 

[57] Y.C. Kumar, M. Malviya, J.N. Chandr, C.T. Sadashiva, C.S. Kumar, S.B. Prasad, D.S. Prasanna, M.N. Subhash, K.S. Rangappa, Bioorg. 

Med. Chem., 2008, 1, 16(9), 5157-5163. 

[58] M.F. Parker, D.M. Barten, C.P. Bergstrom, Bioorg. Med. Chem. Lett., 2007, 17, 4432.  

[59] A. Camargo-Ordonez, C. Moreno-Reyes, F. Olazaran-Santibanez, S. Martinez-Hernandez, V. Bocanegra-Garcia, G. Rivera, Quim Nova., 

2011, 34(5), 787. 

[60] H. Khalid, Aziz-Ur-Rehman, M.A. Abbasi, K.M. Khan, Int. J. Pharm. Pharm. Sci., 2012, 4(3).  

[61] J.A. George, B. Kapinga, J. Pharm. Pharmacol., 2010, 62, 368.  

[62] B.P.V. Sunanda, K. Latha, B. Rammohan, U.M.S. Maheshwari, K.M. Surapaneni, Ind. J. Pharm. Edu. Res., 2014, 48(4), 31. 

[63] M. Soheili, M.R. Tavirani, M. Salami, Neurosci. Med., 2012, 3, 362. 

[64] M.F. Davis, C. Lay, R.D. Frostig, J. Vis. Exp., 2013, 77, e50418. 

[65] A. Popp, N. Jaenisch, O.W. Witte, C. Frahm, PLoS One., 2009, 4(3), e4764. 

[66] N. Masand, S.P. Gupta, R.L. Khosa, Curr. Drug Discov. Technol., 2017. 


